prolongation of obstruction, particularly the latter.
3) The activation ratio of ATPase (latent ATPase/dinitrophenol stimulated ATPase) was increased after long term biliary obstruction, which was thought to indicate the severe damage of mitochondrial membrane. 4) Investigation of the respiratory function with the various respiratory substrates showed that the locations of mitochondrial respiratory inhibition in obstructive jaundice are at sites 1 and 2, which is the same as the situation seen in nonspecific damage of mitochondria.
5) There was a high degree of mitochondria) respiratory disturbance by bile acids, particularly CDCA, which is thought to be one of the causal factors of liver dysfunction in obstructive jaundice. 6) Mitochondrial respiratory function was markedly disturbed in hypotension, and the degree of which correlated with length of time of biliary obstruction.
liver mitochondria; obstructive jaundice; cytochrome; bile acids; ATP In patients with obstructive jaundice due to malignant tumors of the pancreato biliary tract, the high incidences of operative death and complications caused by various liver disorders are observed occasionally. We have studied on the pathophysiology of these liver damages from various view points (Koyama et al. 1975a (Koyama et al. , b, 1979 Yamauchi et al. 1976 ). In the present study the respiratory functions of mitochondria in the liver of rats with obstructive jaundice will be described.
MATERIALS AND METHODS

Preparation of the experimental animals
The common bild duet of male Wistar rats weighing approximately 200 g was ligated and cut off to produce obstructive jaundice and the animals were used for experiments 1, 3 or 6 weeks later. Following exanguination by cardiac puncture under ether anesthesia , the liver was excised and 10% homogenate was prepared with cold 0.25 M sucrose (pH 7.4). Mitochondrial fraction was separated following Hogeboom and Schneider's method (Hoge boom and Schneider 1948) and was resuspended at a protein concentration of 20 mg/ml . Investigation of the influences of exanguination and hypotension on mitochondrial respiration Twenty ml/kg of blood were withdrawn from the carotid artery in both control and biliary obstruction rats and after a blood pressure of 50-60 mmHg had been maintained for 2 hr, the mitochondrial respiratory function of the liver was investigated as described above.
RESULTS
Mitochondrial respiratory function of the liver in obstructive jaundice
The parameters of mitochondrial respiratory function are shown in Table 1 . In 
Respiratory control ratio (RC)
In comparison with the control group, the group with biliary obstruction showed significant decreases of RC (p<0.005) with prolonged obstruction (50% of control values after 3 weeks and 40% after 6 weeks).
Oxygen consumption in State 3 (S3)
Significant decreases (p<O.005) were found in State 3 oxygen consumption in rats after 3 and 6 weeks of obstruction in comparison with control value.
P/O ratio
In contrast to the control animals, P/0 ratio of the group with biliary obstruc tion showed significant decreases (p<0.005). In ATP synthesis, comparing with the control, 60% reduction was observed after 3 weeks of obstruction and it was 73% after 6 weeks . . 1972) , calculated from the volume of ATP synthesis and cyt a (+a3) content, as described above , increased slightly after 1 week obstruction. After 3 and 6 weeks , however, the turnover number had decreased to 58% and 45% of control values , respectively.
Changes of the mitochondrial respiratory parameters in several different respiratory substrates substrate, respiratory parameters of mitochondria showed almost no decrease; rather, slight increases were seen in the P/0 ratio and ATP synthesis .
ATPase activity of the mitochondria In Fig. 3 , the values for latent ATPase, DNP stimulated ATPase of the mitochondria and their ratio are represented. DNP stimulated ATPase activity with obstruction for 3 weeks was similar to control values, but decreased to 50% after 6 weeks. There were significant increases (p<0.005) in latent ATPase after 1 and 3 weeks obstruction, but values were reduced to control values after 6 weeks. The ratio of latent ATPase to DNP stimulated ATPase was significantly increased in animals with biliary obstruction. Effects of hypotension induced by exanguination on liver mitochondrial respiratory function Fig. 5 shows the effects of exanguination on mitochondrial respiratory parameters as compared to controls.
Effects of bile acids on mitochondrial respiration
In various periods of biliary obstruction, decreases in RC and P/0 values due to hypotension were demonstrated even in the group without biliary obstruction.
Marked decreases were evident after 3 and 6 weeks of biliary obstruction and one third of rats with 6 weeks obstruction died while undergoing exanguination. Table 1 .
•-• : Biliary obstruction with exanguination. Four animals were used in each group. Significant differences from the control value are indicated with * (p<0.01) or j (p< 0.005). et al.
DISCUSSION
The prognosis of patients with obstructive jaundice due to tumors of pancreatobiliary tract is not so good, for which one of the reasons is thought to be the deterioration of liver functions (Maki et al. 1969 As Ozawa et al. (1972) mentioned, the absolute phosphorylation activity of mitochondria was referred to the content of cyt a (+a3) in the mitochondria, and it was thought to be better to represent the ATP synthesis as the turnover number of phosphorylation [(TNP)a], four times the moles of ATP synthesis divided by the moles of cyt a(+a3) per second, rather than as the ATP synthesis per mitochondrial protein.
We found that the (TNP)a increased compensatory in the group of 1 week biliary obstruction, but decreased to 60% and 45% after 3 and 6 weeks, respectively . However, the reduction rate of ATP synthesis per moles of cyt a(+a 3), that is (TNP)a, was clearly smaller than that per weight of mitochondrial protein.
It is thought that these decreases in mitochondrial respiratory function in obstructive jaundice are due primarily to the bilirubin as an uncoupler of phos phorylation. Zetterstrom and Ernster (1956) Although microsome, ATP, Mg++ and lysosome are necessary for the conjuga tion of bile acids, these factors decrease quantitatively and qualitatively in biliary obstruction, and then the conjugation of bile acids becomes incomplete. These situations with both increased concentration and incomplete conjugation of bile acids in the liver, are thought to be one of the important factors to inhibit the mitochondrial function in biliary obstruction.
Mitochondrial respiratory function was found to decrease with prolongation of biliary obstruction, whereas various liver function parameters showed maximal impaired values after 1 -2 weeks of obstruction, after which there were no changes or even a improving tendency. Serum level of bilirubin, GOT, Al-p etc. do not parallel to the decrease in mitochondrial respiratory function. Therefore, the reduction of mitochondrial respiratory function in jaundiced liver, may not be identical to the respiratory disturbances which are resulted in the addition of bilirubin or bile acids to normal mitochondrial suspension. We recognized the significant swelling of mitochondria and its quantitative increment per unit volume of the liver tissue with prolongation of biliary obstruction on electronmicroscopy (Yamauchi et al. 1976).
It is likely that the extent of mitochondrial respiratory inhibition is regulated not only by a concentration of inhibitory substances around the mitochondria but also by a period for which mitochondria exists with inhibitory substances.
It is, therefore, thought that organic alteration of mitochondria occurs and ATP synthesis in a mitochondria decreases under these situations for a long time. Shirakawa (1978) With regard to the disturbances of mitochondrial function caused by factors other than biliary obstruction, Caplan and Greenawalt (1968) have investigated the respiratory function of mitochondria which have succumbed to swelling and lysis induced by the treatment with distilled water. The result of the treatment of water was similar to those of prolonged biliary obstruction; parameters of mitochondrial function such as P/0, S3 and ATPase deteriorated with the frequency of the treatment of water.
As shown by Caplan and Greenawalt (1968) , damage of the membrane of mito chondria was manifested by the activation of ATPase. We found that the latent ATPase activity increased markedly in the early stage of biliary obstruction, but after 6 weeks, it had returned to control levels, seemingly indicating the recovery of mitochondrial membrane from the damage. However, the activity of DNP stimulated ATPase was found to be decreased and the activation ratio of ATPase markedly increased after prolonged periods of biliary obstruction which indicated that the damage to the mitochondria was lasting . Caplan and Greenawalt (1968) also reported that the site I and 2 of mito chondrial respiratory chain were severely inhibited and only the site 3 was maintained within normal range in the water treated mitochondria . In the clinical cases of obstructive jaundice , it is not rare to fall into hepatic failure when severe hypotension is imposed by gastrointestinal bleeding from acute ulcer. Our results with hypotensive animal models with long term biliary obstruc tion demonstrated marked reduction of mitochondrial respiratory function . The mitochondrial function of I week biliary obstruction with hypotension corresponded to that of 3 weeks obstruction without hypotension and that of 3 weeks with hypotension did 6 weeks without. These accelerations of mitochondrial dysfunction are believed to be one of the important reasons to fall into the hepatic f ailure associated to gastrointestinal bleeding in patients with obstructive jaundic e.
